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LONG-TERM GOALS

Thelong-termgoal of this projectis to enhancdhelevel of understandin@f the dynamicsof
overflows, which arecharacterizedby high degreeof variability and mixing nearstratayic straits
connectingvariousmaiginal seasandoceans.

OBJECTIVES

1) To complementield studiesandto develop a betterunderstandingf the characteristicef
mixing andits influenceon the subsequenckateof the overflows.

2) To addresghe fundamentalssueof entrainmenbf a plumein the presencef rotationand
ambientstratification.

3) To developparameterizationsf mixing for oceangenerakirculationmodels.

4) To explorethelarge-scalempactof mixing in overflows.

APPROACH

The researchhasbeenbeencarriedout usinga combinationof oceanicdata,high-resolution
nonhydrostatiemumericalmodel,andanalyticaltechniques.

WORK COMPLETED

The primaryaccomplishmentduringthis grantperiodareasfollows:

1) Publicationof a paperin the Journalof PhysicalOceanographgummarizingan analyti-
cal investigationof the characteristicef 3-plumesdrivenby localizedmixing in overflons
(OzgokmenandCrisciani,2001).

2) Publicationof a paperin the Journalof PhysicalOceanographylescribingthe validation
andbenchmarkingf a two-dimensionalnonhydrostaticiumericalmodelusinglaboratory
experimentsottomgravity currents(OzgokmenandChassignet2002).
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3) A model-dataintercomparisorstudy is completedbetweenthe nonhydrostatianodeland
partof the RedSeaoverflov from REDSOX (NSF-fundedYield program.This manuscript
is submittedfor publicationin the Journalof PhysicalOceanography

RESULTS

Motivatedby thefactthatoverflow processesyhich supplysourcewatersfor mostof thedeep
andintermediatavatermassesn the ocean posesignificantnumericalanddynamicalchallenges
for oceangeneralcirculation models,an intercomparisorstudy is conductedoetweenthe field
datacollectedin the Red Seaoverflov underthe REDSOX-1 obsenational programanda high-
resolution,nonhydrostatiqgorocessmodel. The intercomparisorstudy is focusedon the part of
the outflow that flows alonga long narrov channelreferredto asthe “northernchannel”,which
naturally restrictsmotion in the lateral direction suchthat the use of a two-dimensionaimodel
providesareasonablapproximatiorto thedynamics.This channekarriesaboutthe two-thirdsof
thetotal RedSeaoverflow transportafterthe overflow splitsinto two in thewesternGulf of Aden.

Theevolution of the overflow in thenumericalsimulationscanbe characterizeéh two phases:
thefirst phases highly time-dependentjuring which the densityfront associatedvith the over-
flow propagateslongthe channel. The secondohasecorrespondso that of a statisticallysteady
state.The primary accomplishmenof this studyis thatthe modeladequatelgaptureshe general
characteristicsef the system:(i) thegradualthickeningof the overflow with downstreandistance,
(i) the adwectionof high salinity andtemperaturesignalsat the bottom acrossthe channelwith
little dilution, and(iii) ambientwatermassesandwichedetweerthe overflov andsurfacemixed
layer(Fig. 1,2).

To quantify mixing of the overflow with the ambientwatermassesan entrainmenparameter
is determinedrom the transportincreasealongthe slope,and expressedxplicitly asa function
of meanslopeangle. Bulk Richardsonnumbersare estimatedoboth from dataand model, and
arerelatedto the entrainmenparameter The rangeof entrainmenparameterandits functional
dependencéo bulk Richardsonnumberin this study are found to be in reasonableagreement
with thosereportedfrom variouslaboratoryexperimentsandthat basedon measurementsf the
Mediterranearoverflow.

Finally, theresultsreveala complex dynamicalinteractionbetweersheatinducedmixing and
internal waves, and illustrate the high computationaland modelingrequirementgor numerical
simulationof overflows.



2D Model — REDSOX Data Intercomparison
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Figure 1: Comparison of salinity and temperature distributions from the model and from
REDSOX-1 observations.
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Figure 2: Comparison of salinity profiles from REDSOX-1 observations and the model. Salin-
ity (in psu) is plotted as a function of water depth (in m) at each REDSOX-1 station within the
model domain (curves marked with “***”), Solid curves show time-averaged model profiles, and

dashed curves mark the range of variability of the profiles in the model simulation during equilib-
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IMP ACT/APPLICATIONS

Oceanicoverflows are characterizedy high levels of turbulenceand mixing near strategic
straitsconnectingvariousmaiginal seasand oceans.A detailedunderstandingf suchphenom-
enais not only importantfor submegedequipmentut alsofor large-scaleoceancirculationand
climate-relatecstudies.

TRANSITIONS

Simulationresultscomplementhe understandingnd interpretationof field datafrom RED-
SOX. Resultsalso promotethe needfor betterparameterizationaot only in generalcirculation
models,but alsoin process-orientethodels.
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